Introduction
In this paper we consider the problem of minimizing a quasidifferentiable function [2, 5] subject to equality-type constraintswhichmay also be described by quasidifferentiable functions. A regularity condition is statedwhich in the smooth case is similar tothe first-order Kuhn-Tucker regularity condition.
Sufficient conditions for this regularity qualification to be satisfied are then formulated in terms of sub-and superdifferentials of the constraint function. We also consider cases where the quasidifferentiable constraint is given in the form of the union or intersection of a finite number of quasidifferentiable sets: analytical representations of the cone of feasible directions (ina broad sense) are obtained for such cases. Necessary and sufficient conditions for a minimum of a quasidifferentiable function on an equality-type quasidifferentiable set are proved, as are sufficient conditions for a strict local minimum. A method of finding steepest-descent directions in the case where the necessary conditions are not satisfied (but under some additional natural assumptions) is also given.
The theory is illustrated by means of examples, some of which cannot be studied using the Clarke subdifferential or other similar constructions.
Let h be a locally Lipschitzian function which is quasidif--ferentiable on En , and Dh (x) = [ -ah (x) ,ah (x) ] be its quasidifferential at x E En . Then the directional derivative of h is given by = max (v,g) + min (w,g) .
Assume that the set R is non-empty and contains no isolated points.
For every x E R set It is clear that yo(x) is a closed cone which depends on h .
It is not difficult to check that + -
Here and elsewhere cone A is understood to refer to the conical + hull of set A , and cone A to the cone conjugate to cone A . We shall use the following notation. Define
We shall now find a quasidifferential of function hx(g) at Proof. Since the function h(x) is assumed to be locally Lipschitzian, the following inclusion (see [3 ] ) holds:
We shall now try to prove the opposite. Choose an arbitrary and therefore inequality (9) is not satisfied.
In the same way it can be shown that there exists an al > 0 such that for every a E (0, al ] and any g E S (g) g#4 the " 1 inequality h(x+ag) < 0 is also not satisfied. The contradiction means that yo (x) C T (x) and thus proves the theorem.
Theorem 2. If the functton h has a quasidifferential
then the function h satisfies the regularity condition at point x .
Proof. Since 0 E yo(x) , it follows from the properties of a quasidif ferential of function hx (g) at 0 (see (8) ) and the assumptions of the theorem that neither the necessary condition for a minimumnorthat for a maximum is satisfied for quasidifferentiable function hx on En at any point g E En . Thus, it follows from Theorem 1 that function h satisfies the regularity condition at point x , and Theorem 2 is proved.
This regularity condition is first-order and therefore it possesses all the deficiencies characteristic of first-order conditions.
We shall now consider an example in which this condition is not satisfied. If, in addition, the regularity condition is satisfied by function h at point x E Q , then
iEI (XI where I(x) = {i E I I x E Q) .
Necessary conditions for a minimum of a quasidifferentiable function on an equality-type quasidifferentiable set
Let quasidifferentiable functions f and h be locally Lipschitzian on En and let be their quasidifferentials at some point x E Q . Assume also that the set Q is described by relation (2) . We shall consider the following problem:
Find min f(x) .
xEQ Theorem 3 (see [6] If set R is described by (10) and function h satisfies the * * regularity condition at some point x E Q , then for x to be a minimum point of f on R it is necessary that
If set R is described by (11) and function h satisfies the * * regularity condition at some point x E R , then for x to be a minimum point of f on Q it is necessary that
wi€dhi (x*) * A point x for which condition (13) is satisfied will be called an inf-stationary point of function f on set R .
Example 3. Let function f be superdifferentiable on E2 (i.e.,.
such that it has a quasidif ferential of the form Df (x) =[ (9 1 ,af (x) ! )
at each x E E2 . The set R is described by the relation
Consider the point xo = (0,O) . We have
It is easy to check that n T+(v,w) = cone (co{ (-1 ,-I) , (1 ,-I) 1) .
+ah (x0) wESh (xo)
It is clear that function h satisfies the regularity condition at xo . Therefore for xo to be a minimum point of f on it is necessary that
Assume that point x is not an inf-stationary point of quasidifferentiable function f on quasidifferentiable set $2 , and that f satisfies the regularity condition at x .
We shall now find a steepest-descent direction of function f on 0 at point x . vlEah(x) -direction of quasidifferentiable function f on set 0 (described by (2)) at point x . This steepest-descent direction ray not be unique. Denote by r(w,v',w') the radius of the largest ball centered at the origin which can be inscribed in the set
Theorem 5. If set R is described by (2), point xo E R and The set A_(xo) C E is clearly compact, and if 2 = 0 then 
-1
Then there exists a 6 > 0 such that
